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Abstract: 
 The market for Sulfur Dioxide (SO2) emissions was created in 1995 using bold 
regulatory tools and operates in a complex system of energy and electric utility markets. 
The success of this program to reduce pollutants like SO2 led to plans to adopt similar 
programs for international regulation of greenhouse gases like Carbon Dioxide (CO2). 
Studying the best practice design of the market for SO2 can help in planning such new 
markets. This paper show that once the SO2 market was designed and became functional, 
the regulatory process that put it into motion did not always go uncontested. The 
contesting of the regulatory regime by policy makers, and even the United States 
Environmental Protection Agency (EPA), led to periods where the future design of the 
market was unclear. The aim of this paper is to measure this lack of clarity and its effect 
on SO2 allowance prices. While this paper attempts to measure this policy effect in the 
SO2 market, it also recommends that policy makers be aware of this effect so that they 
plan their policies systematically and with longer term agendas. 
 Testing the effect of policy change on the level and volatility of Sulfur Dioxide 
allowance prices can better our understanding of the sensitivity of this market to changes 
in regulation, policy and legislative announcements. The period under study is September 
2000 to January 2003. During this period the paper attempts to ask the question: Did 
policy, regulation and legislation affect price change and price volatility in the market for 
Sulfur Dioxide? The coding of these policy variables involved a systematic process of 
reading hundreds of policy announcements and news pages, thus constructing an 
�uncertainty� variable which reflected different degrees of uncertainty these 
announcements generated. 
 The paper attempts to test the hypothesis that regulatory uncertainty increases 
volatility. The models estimated - both time-trended OLS and Autoregressive Conditional 
Heteroskedasticity (ARCH) models � found that though most of the change in SO2 prices 
is due to market forces, like the price of coal and natural gas, uncertainty in the regulatory 
regime and the �politics of pollution� are also significant.  
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Part 1: Introduction 

 The market for Sulfur Dioxide (SO2) emissions was created in 1995 using bold 

regulatory tools and operates in a complex system of energy and electric utility markets. 

The market was designed by regulatory policy, which in many ways makes it unique, 

because most markets are not created by a regulatory plan though they may be overseen 

by government regulation. The market was revolutionary in the 1990s � applying a 

theoretical economic principle of trading pollution allowances to reduce pollution. At the 

time it was unclear if such a market would work. It did work, and it continues to behave 

in a rational way, responding to the cost and availability of inputs, like low-sulfur coal. 

The remarkable success of the Acid Rain Program to reduce pollutants like SO2 and 

Nitrogen Oxides led to plans to adopt similar programs for international regulation of 

greenhouse gases like Carbon Dioxide (CO2). Studying the best practice design of the 

market for SO2 can help in planning and managing such new markets. The main impetus 

of this paper was to show that once the SO2 market was designed and became functional, 

the regulatory process that put it into motion did not always go uncontested. This 

contesting of the regulatory regime by policy makers, and even the United States 

Environmental Protection Agency (EPA), led to periods where the future design of the 

market was unclear. This paper attempts to measure this lack of clarity and its effect on 

SO2 allowance prices. This sort of uncertainty is present to a greater extent in the 

domestic United States market for CO2, where states are moving forward with their own 

policies to reduce CO2 emissions, and also in the international European Union and 

Kyoto Protocol directed CO2 markets. When regulators are not sure of how long they 
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want to keep the market operational and if they display uncertainty in their decision 

making, like the EPA did with reviewing the Clean Air Act, the market is likely to be 

more volatile. While this paper attempts to measure this policy effect in the SO2 market, 

it also recommends that policy makers be aware of this effect, so that they plan their 

policies systematically and with longer term agendas. In particular, it is the perhaps the 

task of the organizations like the EPA to better manage the �politics of pollution� so that 

it reflects diverse interest groups rather than appearing driven by certain political or 

environmentalist agendas. Such clear signals to the market can enhance the functioning 

of the market and help firms make long term decisions about extremely costly technology 

which reduces pollution. 

 The market for pollution reduction operates like a traditional commodity market 

in many ways, with supply and demand side changes affecting price. Since these markets 

are relatively new, the impact of different unrelated or related policies on price has not 

been extensively measured. This paper attempts to test the effect of policy change on the 

level and volatility of Sulfur Dioxide allowance prices, to better understand the 

sensitivity of this market to changes in regulatory policy and announcements. The period 

under study is September 2000 and January 2003. Data availability constraints led to this 

short time period, but it is important to note that this period is adequate because during 

this period there is price volatility as well as the upward and downward movement of 

prices trends. During this period the paper attempts to ask the question: Did policy, 

regulation and legislation affect price trends and price volatility in the market for Sulfur 

Dioxide? 
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 This study attempts to model policy related changes whether and how policy can 

affect market volatility and perceptions of risk. The coding of these variables involved a 

systematic process of reading hundreds of policy announcements and news pages. By 

identifying specific regulatory and policy announcements, debates and actual legislative 

and regulatory change, this paper attempts to test the hypothesis that lack of regulatory 

transparency or certainty increases price volatility and thus regulatory certainty reduces 

volatility. Thus, the Null hypothesis was: Regulatory change or uncertainty does not 

affect price in the market for SO2? The models estimated - both time-trended Ordinary 

Least Squares (OLS) and Autoregressive Conditional Heteroskedasticity (ARCH) models 

- reject this hypothesis.  

 Regulatory uncertainty was tracked over the time period chosen. Constructing an 

�uncertainty� variable was a complex process and depends in essence on the judgment of 

the author while applying the theoretical and practical models present in the literature on 

the subject. Though most of the change in SO2 prices is due to market forces, like the 

price of coal and natural gas, the uncertainty in the regulatory regime is significant.  

 

Part 2: Literature Review 

 The literature on SO2 markets can be divided into two kinds, financial market 

literature originating out of Financial Institutions (FIs) and academic analysis in 

economic and policy journals, amongst others. 
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Market Background:  

 The US Sulfur Dioxide Emissions Market is one of the first real world market-

based mechanisms for reducing pollution. Operational from 1995 it has been in existence 

for 11 years. This market was created using bold regulatory tools and operates in a 

complex system of energy and electric utility markets.  

 The 1990 Clean Air Act Amendment (CAAA) included Title IV which created a 

market for transferable SO2 emission allowances among electric utilities. The aim of the 

program was to reduce the environmental and human health impacts associated with the 

release of sulfuric 

emissions from coal 

fired electric power 

plants. It required 

electric utilities to 

reduce their SO2 

emissions to about 9 

million tons. This is 

50% from 1980 levels 

(18 million tons). The 

law directed the US 

Environmental Protection Agency (EPA) to implement a phased in program that first 

targeted 110 high emitting plants for 1995-1999. Starting in 2000, Phase II extended the 
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limits to all fossil fueled power plants larger than 25 megawatts capacity, with over 3,200 

units now affected. Figure 1 shows the location and phases of these plants.1 

 The initial allocations went through two phases, with Phase I ending 1999 � 

allowances went from 6.99 million tons to 9.97million tons in 2000 and fell slightly in 

2001 to 9.55 million tons. The 1990 CAAA stipulated that the national cap should slowly 

fall to 8.95 million tons. The market volume of trades has grown over the decade and in 

2004 over 10 million tons were traded in a year. (Figure 2: Total SO2 Initial Allowance 

Allocation and Bankable Surplus) 

 

FIGURE 22 

 

 
 

 Power plants are allocated a 30 year stream of tradable allowances, each worth 

one ton of SO2 emissions. Allowances have vintage years - the year they are usable for 

compliance. Temporal flexibility is provided through sale or banking. Allowances reside 

                                                
1 Chicago Climate Exchange Inc, (CCEX), The Sulfur Dioxide Emission Allowance Trading Program: 
Market Architecture, Market Dynamics and Pricing, 2004, pp 5. 
2 Generated from USEPA data, Ibid. pp 7 
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in the US EPA�s electronic allowance tracking system registry where March 1 is the 

deadline for prior year emissions.3 Trading occurs through the EPA auctions in March. 

Trades are made by brokers and directly among power plants, and many trades occur 

within the same company. Trades are published on the EPA web site but prices are not. 

With the exception of a few small new gas units in 2000, most generating units have been 

in compliance with Title IV requirements in all years. This is almost 100% compliance.4 

 The seminal article on the subject, by Carlson, et al. used econometric analysis to 

estimate the marginal abatement cost functions for power plants affected by Title IV of 

the CAAA.5 The aim of the paper was to evaluate the performance of the market and 

measure whether the trading of permits reduced the costs of controlling SO2, compared 

with a command and control approach. The period under study of this paper was 1995 

and 1996 and estimated for the period 1995-2000. The relevance of this paper to the 

current thesis lies in the examination of the cost of abatement which would have an 

impact on the price � that is, the lower the average cost of abatement, the lower the price 

of the allowances. Further, the Carlson paper examines three things: fuel switching at 

units that did not scrub their emissions, the cost of scrubbers and the use of low sulfur 

coal. A command and control policy would have directly affected specific scrubber 

technology. The cap and trade policy encouraged technology change without stipulating 

                                                
3 Ibid. 
4 Ellerman A. Denny (2003) Ex Post Evaluation of Tradable Permits: The U.S. SO2 Cap-and-Trade 
Program, MIT Press Working Papers, WP-2003-003, January 2003. 
http://web.mit.edu/ceepr/www/workingpapers.htm#2003 
5 Carlson, C. P., D. Burtraw, M. Cropper, and K. Palmer (2000) �SO2

 
control by electric utilities: What are 

the gains from trade?� Journal of Political Economy 108: 1292�326  
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specific end of stack abatement technology (scrubbing) or the ability for generators to use 

low sulfur coal. 

 One of the primary findings of Carlson, et al. was that in the 1980s the cost of 

complying with an SO2 cap was thought to be much higher than it turned out to be.6 The 

reason for this was an unexpected decline in the price of low sulfur coal and 

improvements in technology that lowered the cost of fuel switching. The authors indicate 

two lessons from this that are important for policy makers. First, the costs of compliance 

were overestimated ex ante. It is difficult to forecast technological change especially in 

deregulating markets. Second, the authors suggested that when policy makers design an 

allowance market they should consider the source of trading gains and how these gains 

change over time. The source of trading gains in the SO2 market is spatial differences in 

the price of high versus low sulfur coal. As these price differences have diminished, so 

have the potential gains from trading.  

 

Price Drivers 

 The Chicago Climate Exchange (CCEX) has a series of documents on the history 

of the SO2 market and price drivers.7 In particular, The Sulfur Dioxide Emission 

Allowance Trading Program: Market Architecture, Market Dynamics and Pricing. The 

SO2 market has an 11 year price history from 1995-2005. Allowances began to be issued 

in auctions by the EPA in 1993, but 1995 was the first year affected utilities were 

                                                
6 Ibid. pp 1319 
7 Chicago Climate Exchange Inc, (CCEX), The Sulfur Dioxide Emission Allowance Trading Program: 
Market Architecture, Market Dynamics and Pricing, 2004, pp 5. 
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required to achieve compliance with SO2 emission limits. The first auctions, held in 

March 1993, made available 50,000 vintage 1995 and 100,000 vintage 2000 allowances.  

The clearing price for the 

1995 vintage allowances 

was $131. (See Figure 38) 

That auction established a 

price range that remained 

fairly static until 1996, 

which saw a clearing price 

of $66 for the 150,000 spot 

allowances sold in that year�s EPA auction. That price represents the life-of-program 

low.9 In December, 2005, prices crossed $1600. 

 The CCEX identifies long term (systemic) and short term price drivers. The main 

policy impacts are long term. They are presented in table form here (Figure 4). There are 

three important points that stand out from this paper that should be noted: that long term 

policy drivers are significant, technological change is a major price driver, and that short 

term drivers are related to electricity production and are driven by economic growth and 

substitutes to coal based generation. 

   

 

                                                
8 Generated from USEPA data, Ibid. pp 7 
9 Ibid. 

FIGURE 3
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FIGURE 4: PRICE DRIVERS10 

 

 

 

 

 
 

Price Driver 
 

 
Short term=S 
Long term=L 

 

 
Comments and Expected Direction of Price Change 

Aggregate Allowance Allocation and 
banking 

L Tightening that allows full use of banking can cause price change 
in advance of actual regulation. UP 

Policy and other changes related to other 
pollutants like mercury 

L Where mercury regulation increases use of scrubbers SO2 
emissions also reduce � DOWN 

State and fed utility regulatory 
developments/laws  
 

L a.For example, court rulings that don�t allow state laws prohibiting 
upwind allowance sales - DOWN 
b.State utility regulation that allow cost recovery for scrubbers but 
do not encourage allowance purchase � DOWN 

Electricity Transmission legislations  L Like open access which increase electricity production �expand 
supply  - DOWN 

Improvements in scrubber tech L 1. Reduction in per-ton cost of scrubbing � DOWN.  
(The higher prices of SO2 the higher the likelihood of installing 
scrubber tech. thus this market creates incentives to use new tech.) 

a. Coal transportation infrastructure 
b. Relative price of high versus low 
sulfur coal 

L a. Allow transport of low cost coal based electricity � UP 
b. Price of low-sulfur coal relative to hi-sulfur coal reduces � 
DOWN 

Factors that affect electricity production: 
Those that affect demand, or 
composition of electricity supply 
Demand factors:  
1.Industrial production/GNP 
2.Weather 
Composition of Supply factors: 
3. Breakdown or boost of supply � 
example discussion of NG pipeline. NG 
grown from 12-18%. Coal constant but 
within coal change. 

S 
 
 
 
 

1. Hi industrial production- UP 
2.Weather: SO2 emissions peak in Q3 causing a slight seasonal 
effect � highest share of volume in 3rd quarter (summer), and 4th 
quarter. 3rd quarter � highest production of electricity. Moderate 
weather � negative correlation - DOWN 
3. Short term loss in nuclear or hydro or increase in NG price - UP 
Further, flexibility to switch between coal and natural gas affects 
prices.  
A positive correlation between gas prices and allowance prices 
with time lag.11 

End of financial year activity: S Q4 is because of the end of year adjustments. Price adjustments 
occur. 

  

                                                
10 Compiled from CCEX readings 
11 It is not clear the extent of this lag. The EIA has done some regressions of the determinants of Natural 
Gas prices and uses a one month lag for residential natural gas prices. The price of NG for electric utilities 
on the other hand is generally not lagged. 
http://www.eia.doe.gov/emeu/steo/pub/document/textpr.html#NGCCUUS 

Long term Short  term 

Technology Electricity 
Demand Drivers 

Electricity 
Supply Drivers

Policy 
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Changes in systemic factors (which constitute long-term changes in the nature of the 

market) can influence prices well in advance of the time the changes take hold. Examples 

of systemic factors that can affect emission allowance supply and allowance consumption 

include: regulatory requirements such as tightened SO2 emission limits; impacts on SO2 

emissions arising from regulatory changes related to other pollutants; and state and 

federal utility regulatory developments 

 In addition, short term rumors about long term drivers may also lead to price 

fluctuations. These fluctuations are especially relevant to the regulatory changes that are 

being expected and the way in which the administration manages discussions of changing 

pollution regimes, enforcement of existing regimes through impartial use of the courts 

and so on.  These short term rumors and lack of clear policy direction will be discussed in 

some detail in the coding of variables section.  

 Similarly, improvements in emissions scrubber technology, which occur over 

longer time periods, would reduce allowance consumption. A variety of related energy 

market developments, such as electricity transmission issues (new lines, regulations 

mandating open access) can influence electricity production levels. Longer-term 

developments that affect access to low-sulfur coal, such as coal transportation 

infrastructure and pricing, can change the economics of coal selection and thereby 

influence emission levels. 

 Short-term fluctuation in consumption of SO2 emission allowances is influenced 

primarily by factors that affect electricity production and the composition of electricity 

production. Electricity production is influenced by economic activity, particularly 
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industrial production, and weather conditions (often measured by heating and cooling 

degree days for major coal-based regions). Composition of electricity production (in 

particular, the share of total production coming from coal-fired plants, currently around 

50%) is influenced by availability of nuclear and hydroelectric generation resources, and 

prices of substitute lower-emitting fuels such as natural gas and low-sulfur coal. This is 

especially relevant to the coding of the variables and the modeling of SO2 allowance 

prices. The composition of electricity is especially interesting because, as Ellerman and 

Montero (2005)12 point out, firms are never certain about future electricity demand and 

the future prices for fuels of differing sulfur content, especially that between coal and 

natural gas. Thus, firms do not know with certainty the number of permits they will 

demand in the near and distant future, and consequently, the market equilibrium price of 

permits becomes an uncertain variable. The flexibility to switch among coal and gas-fired 

power generation appears to be reflected in SO2 emission allowance prices. Figure 5 

shows indexed values of natural gas prices and SO2 emission allowance prices. A 

positive correlation between gas prices and allowance prices, with time lag, appears to be 

present. (CCEX, 2004)  

 

 

 

 

                                                
12Ellerman, A. D. and Montero, Juan-Pablo, (2005) �The Efficiency and Robustness of Allowance Banking 

in the US Acid Rain Program�, MIT CEEPR Working Paper Abstracts, March 2005. Source: 
http://web.mit.edu/ceepr/www/2005-005.pdf  
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FIGURE 5 13 

 
 

 One cause for this lag could be that since firms do not know with certainty what 

the breakdown of their inputs will be and the way they will affect their individual 

marginal cost of SO2 abatement, they do not respond immediately to current prices of 

natural gas but take some time in switching fuels or responding to gas prices.  

 The text will now turn to technological change. One of the main expected policy 

effects of a cap and trade policy is an expected improvement in technology that reduces 

the marginal cost of abatement. Technological change and price are part of a feedback 

loop. New technology reduces abatement costs and thus can reduce price of allowances. 

High allowance prices encourage the development of innovative technology. This is what 

the theory suggests - and this is one of the main reasons why cap and trade policies are 
                                                
13 Generated from USEPA data, Chicago Climate Exchange Inc, (CCEX), The Sulfur Dioxide Emission 
Allowance Trading Program: Market Architecture, Market Dynamics and Pricing, 2004, pp 20 
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recommended over command and control policies, which mandate very specific 

technologies. Cap and trade policies allow flexibility � firms can make decisions based 

on their own cost curves and choose to pollute or install technologies which reduce 

pollution. It may be that it is less expensive for a firm to buy allowance permits and 

pollute rather than install pollution reducing technology. Or it may be that it makes more 

sense to spend money on research and development that will result in new technologies 

that reduce pollution that are less expensive than the permits. 

 Some initial studies do not show a clear picture that this incentive to create 

innovative scrubbing technology is necessarily what happens in the real world. Popp 

(2001) compared patents relating to scrubbers from the early 1970s through 1997 with 

scrubber performance as reported in annual submissions to the Energy Information 

Administration (EIA). Popp found that the 1990 CAAA did not increase the level of 

innovative activity, and that in fact it fell. However, the nature of the innovation changed 

� it became more environmentally beneficial. Throughout the period the innovative 

activity led to lower operating cost, but after 1990 there were improvements in removal 

efficiency. The improvements in removal efficiency were constant earlier to 1990. 

Others, like Bellas (1998) did not find these results. Taylor et al (2001) found some 

decline in patent activity but a continual increase in removal efficiency as well as a 

steady decline in capital cost, attributed to learning by doing.14 

                                                
14 In Ellerman A. Denny, �Ex Post Evaluation of Tradable Permits: The U.S. SO2 Cap-and-Trade Program� 

(2003) MIT Press Working Papers, WP-2003-003, January 2003. pp 29-31 Source: 
http://web.mit.edu/ceepr/www/workingpapers.htm#2003. Ellerman points out that the different 
studies use patent data in different ways.  
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 According to Ellerman, scrubbing has been responsible for 40% of emissions 

reductions of SO2 under Title IV. 36% of the reductions have come from the other 

�innovation� as he categorizes it, which is the use of a mix of low sulfur sub-bituminous 

coal with other higher sulfur content bituminous coals. Cost reductions are not as easily 

measurable, since the substitution does not involve the kind of capital expense that a 

scrubber does. What signals a change is if boilers have switched from bituminous 

Midwestern coals to lower sulfur, sub-bituminous coals from the West. The switch 

involves a higher derating because of the higher moisture content of the sub bituminous 

coals.  The loss of efficiency led to expectations that Midwestern plants would switch to 

low sulfur bituminous coal produced in the Appalachians or install scrubbers.  However, 

in the 1980s rail deregulation reduced transport costs and Midwest coal is much cheaper 

than Appalachian coal, and so power plant engineers began to experiment with blending 

coals. After some experimentation it was found that a mix with 60% of the low sulfur 

sub-bituminous coal did not result in a significant derating. This mix costs less than 

scrubbing. The net effect was a lower sulfur premium for Appalachian low sulfur coal, 

and lower costs for switching in regions to the east beyond the economic frontier for 

western low sulfur coals and a lower allowance price.  

 For the method of the paper that follows it is important to understand those price 

drivers that are directly related to policy targeted at the market under consideration and 

the other drivers which turn out to be unexpected and which are revealed only after some 

years of research following the event. According to Ellerman and Montero, the behavior 

of SO2 allowance prices in the early years of Phase I suggested the existence of an error 
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in expectation concerning the level of counterfactual emissions and therefore the amount 

of abatement required to comply with the new SO2 caps. 15 This, say Ellerman and 

Montero is not necessarily true. The allowance price in the first EPA auction in March 

1993 was $131. This was about half the level of the few trades reported outside, between 

$250 and $300 and of an estimate of the expected Phase I price of $250 (EPRI, 1993).  

 At the same time, when Phase I actually entered into effect in 1995, SO2 prices 

were much lower than expected. 16A number of authors attributed these low prices in the 

early stages of the markets operation to the poor design of the EPA�s annual auction 

(Cason, 1993, and 1995; Cason and Plott, 1996) but in actual fact the clearing price in the 

auction was a good predictor of Phase I prices. Subsequent research discovered that the 

prices had nothing to do with the US Acid Rain Program, and that the cause was the 

reduction in delivered cost of western low sulfur coals to the Midwest due to deregulation 

in railroads during the 1980s.  

 The aim of the thesis is to take this finding to the next level � to build a model 

where these exogenous policy shocks are identified and measured. By using news reports 

on policy announcements, the thesis hopes to code a new set of variables for the period 

under study. 

 

 

 
                                                
15 Ellerman, A. D. and Montero, Juan-Pablo, �The Efficiency and Robustness of Allowance Banking in the 

US Acid Rain Program�, MIT CEEPR Working Paper Abstracts, March 2005. Source: 
http://web.mit.edu/ceepr/www/2005-005.pdf Page 21. 

16 Ibid. 
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Part 3: Procedure and Data Collection 

 The procedure began with a reduced form time-series OLS model to measure the 

determinants of SO2 price for the period between September 2000 and January 2003, for 

which data was available. Then an Autoregressive Conditional Heteroskedasticity 

(ARCH) model was used to estimate the volatility of SO2 prices. This section begins with 

a full description of the variables used and created, and then presents the models and their 

results.17  

 

Reduced Form Equation 

SO2lastprice  = B0 + B1penn_hisul_dailyprice + B2 prb_losul_dailyprice + B3  ill_hisul_dailyprice + B4  

ngprice + B5  ngpricelag30 + B6  date + B7  date2 + B8  date3 + 

∂1policyimpact + ∂2policyuncertainty + ∂3policydirection + ∂4impactdirection + ∂5numberofreports  

Λ1 nationalpol + Λ2 reportstudy + Λ3 proposedleg + Λ4 capleg +  Λ5 technologyleg +  

Λ6 Clearskiesbill + Λ7 Cleanairact + Λ8 privatesector  + Λ9 renewablespolicy + Λ10 FERCpolicy  + Λ11 

natgaspolicy   

Bs are price variable and a time trend variables. (Generally a quadratic time trend is sufficient.) 

∂s are policy impact and uncertainty variables 

Λs are dummy variables (Baseline: other) 

 

Explaining Variables 
Dependent variable: Yi = SO2lastprice 

 The dependent variable, SO2lastprice, is the last daily spot price for SO2. The 

time period is between 09/01/2000 � 01/09/2003. The time period was constrained by 

available data, yet the data was adequate for an initial study because SO2 price shows 
                                                
17 A number of different permutations of models was considered and estimated, including a model with first 
differenced terms for the dependent and independent variables. These models have not all been displayed 
because they would fall into the category of mis-specified models and their results were not significant. For 
more information, please contact the author. 
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significant volatility and upward and downward trends. The SO2 market also entered a 

new phase, Phase II, from 2000, where there was an extension in the limits to all fossil 

fueled power plants larger than 25MW capacity. This resulted in 3200 regulated units. 

(See Figures 6 and 7: Fitting Thesis Price Data into the Big Picture) 

 However, since trades can occur two decades with the buying of future vintage 

allowances, this dataset may be inadequate. Future vintage sales are too small a sub-

sample of the current dataset � only 40 data points. However, allowances current year 

vintages can be bought and banked so those events that affect the future would be 

incorporated in current price.  Individual plants do not make their decisions on a daily 

basis but often over 2-3 years. They choose their fuel sources based on expected price of 

fuel, as well as the expected price of SO2. If the price of SO2 is expected to rise 

considerably or is expected to be particularly uncertain and volatile, decisions to use 

natural gas and low sulfur coal may be taken many years in advance.  

 

Independent variables18:  

 The choice of variables is based on the primary drivers identified by the Chicago 

Climate Exchange and other readings (from Page 7). Based on these readings, the 

reduced form model has two main sets of independent variables � price variables and 

policy variables. Permutations of 6 major variables will be used in all models � these are 

                                                
18 Based on the literature review an attempt was made to include (nitrogen oxide) NOX emissions prices 
also, but the model seemed to indicate an almost perfect relationship between SO2 price and NOX price 
since they are both regulated by the same set of regulations. Thus, a similar model can be used for NOX 
where NOX price is the dependent variable. This endogeneity could be solved using an instrumental 
variable but wasn�t done here. 
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low sulfur coal prices, high sulfur coal prices, natural gas price with and without lags, and 

policy impact, uncertainty and policy direction variables. The latter three are based on the 

author�s coding of variables from Electric Utility Week19. The coal and natural gas prices 

are used because they serve as substitutes for each other and form important inputs for 

the firms that produce electricity. The degree of their substitutability differs since the 

composition of the electricity market depends on plants which are base load plants and 

peak or marginal load plants and also on the location and the technology that is in place 

to substitute these inputs. Since coal is a major input in base load plants, the basic level of 

emissions is determined by coal used in production. Coal use also reflects industrial 

activity. Weather and changes in industrial activity, a sharp rise in demand for electricity, 

would be reflected in production by plants on the margin (peak load plants). These could 

be both natural gas and coal plants, and thus the demand and price for these inputs would 

affect SO2 emissions and thus SO2 prices. When the price of natural gas goes up, the use 

of the coals would be expected to rise. This would increase emissions, and also increase 

price of SO2. However, the time within which such production decisions are made to 

switch fuels may not be immediate, especially with natural gas plants since they are on 

the margin. This may explain why lagged natural gas prices are positively correlated with 

SO2 prices (as discussed in the literature review).   

 The policy variables will be discussed in detail in the section on secondary 

determinants which follows this section. 

 

                                                
19 Please See text that follows in section on �Independent variables: Second Order Determinants: Policy 
Variables� and Bibliography for detailed search criteria. 
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FIGURE 620 : FITTING THESIS PRICE DATA INTO THE BIG PICTURE: 

 
  

                                                
20 Chicago Climate Exchange Inc, (CCEX), The Sulfur Dioxide Emission Allowance Trading Program: 
Market Architecture, Market Dynamics and Pricing, 2004 
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FIGURE 721 : FITTING THESIS PRICE DATA INTO THE BIG 

PICTURE

 

 

 

 

 

 

 

 

 

 
                                                
21 Chicago Climate Exchange Inc, (CCEX), The Sulfur Dioxide Emission Allowance Trading Program: 
Market Architecture, Market Dynamics and Pricing, 2004 
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Independent variables22: Primary determinants:  

Prices of Natural Gas, and High and Low Sulfur content Coal 

 The data for the primary determinants, prices of coals and natural gas, was 

sourced from the Bloomberg commodity markets historical price tracking service. The 

Bloomberg resource is a dynamic resource, and historic time period searches of specific 

coals and natural gas price data was used. It is dynamic in the sense that the prices are not 

listed but created through search criteria that is specific to a Bloomberg computer 

terminal. 

 In the United States, the current breakdown in the composition of fuel sources that 

power the electric utilities has not changed over the last few years (See Figure 8). Nearly 

all SO2 allowance consumption is related to coal-based electricity production. Over the 

past decade, the share of total electricity production produced using coal has stayed 

relatively stable, while the share of total production coming from natural gas-fired plants 

has risen from 12% to almost 18% (while the shares for oil and hydro declined). Thus, 

coal and natural gas are substitutes, as are nuclear and hydroelectricity. Natural gas-fired 

plants are the �marginal� resource and in some cases have become full-time base-load 

plants. The increase in natural gas prices has constrained suppliers who would prefer to 
                                                
22 The choice of primary determinants was based on the literature survey and a reduced number of variables 
were chosen which were seen to incorporate the effect of other factors. One of these other factors, is the 
total quantity of allowances traded � that is the cap set, which had been announced before the period under 
study and was a known factor. At the market�s inception, the SO2 cap was set too high, putting little 
pressure on price. When the cap was lowered, prices rose. The period under examination has a small 
adjustment in the cap, mentioned in the earlier section of the paper. Another factor is the demand for 
allowances. Another factor is the demand for electricity which is incorporated in the price for coal and gas.  
Further, weather is an exogenous variable and an important short term determinant, as is Industrial 
Production but both these would be reflected in input prices. Natural gas price variable in particular will 
incorporate some amount of seasonality since NG plants are often the marginal unit and step up production 
in extreme temperatures. 
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use other generation resources. The flexibility to switch among coal and gas-fired power 

generation appears to be reflected in SO2 emission allowance prices as we can see in the 

section under natural gas prices. (Figure 9 plots indexed values of natural gas prices and 

SO2 emission allowance prices.) Because both coal-fired and nuclear power plants tend 

to be full-time base load plants, unplanned nuclear plant outages may also exert a short-

term influence on SO2 emissions and allowance prices. Similarly, drought conditions that 

reduce hydro flows and hydroelectric power production may be an additional source of 

price pressure on allowances. (CCEX, 2004) 

 

FIGURE 823 : ELECTRIC POWER GENERATION BY FUEL TYPE: 

 
 

 

 

 
                                                
23 Source: EIA (2004) http://www.eia.doe.gov/fuelelectric.html 
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Construction of coal prices 

 Coal is the primary determinant of emissions, the nature of the coal used impacts 

how much S02 a unit emits. Coal prices give a good indication of cost of transport, and 

other economic indicators. The percent of coal fired power plants has stayed relatively 

constant for the last few years at about 50%, with major variation in the composition of 

supply coming from a reduction in nuclear and hydro power and a steady increase in 

natural gas fired plants. The coal market is differentiated into three regional areas. 

Eastern (Appalachian), Western and Mid Western. From EIA raw statistics the author 

calculated, the percent of Appalachian coal in 2004 was 35%, and Western coal 51%. 

(EIA website, 2006) 

Three weekly coal prices were chosen initially and converted to daily prices24:  

• Eastern Pennsylvania 2-3% sulfur coal with low moisture content and the highest 

prices; (Penn_hisul_dailyprice) 

• Appalachian Basin Coal, Illinois (Eastern Basin) Coal with High Sulfur <3%, low 

moisture content, high price (ill_hisul_dailyprice) 

• Western US Powder River Basin (PRB) 8800 low sulfur high moisture content 

coal with low prices. (prb_losul_dailyprice) 

Based on the summary statistics for coal and running basic regressions, Illinois and PRB 

coals were chosen. The coals are not perfectly substitutable, given utility technology 

constraints and transport costs. Finally, one assumes that freight related legislation 

                                                
24 Coal market data reported on weekly, bid-offer midprice, Friday basis. These are free on board prices and 
measured in USD/short ton. Source: Bloomberg 
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mentioned in the literature review will be captured in the price for low sulfur coal. That is 

to say as it became cheaper to transport low sulfur coal this coal became more of a viable 

substitute for high sulfur coal. The expected relationship between low sulfur coal prices 

and SO2 allowance prices is positive � the more expensive the cost of allowances, the 

greater the demand for low sulfur coal and thus the greater the price of low sulfur coal. 

 The expected relationship between high sulfur coal and the SO2 prices is 

negative. The greater the price of SO2 allowances, the lower the demand for high sulfur 

content coal. 

 

Construction of Natural Gas Prices 

 Natural gas (NG) prices would be an indicator of the demand and supply for 

natural gas. Since this constitutes a factor in the composition of electricity supply and NG 

plants can form the marginal unit or peak demand, it is important to include this variable. 

For the model the US Spot Average daily price25 from 9/21/2000 to 1/8/2003 is used. 

This Average is the average of all trades during the day.  

 

 

 

 

 

 

 

                                                
25 This is the US Avg. (Volume Weighted Avg.) Spot Market, Price in USD/MMBtu. Source: Bloomberg 
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FIGURE 926 

 
  

 On average, over the last ten years, the price of NG and SO2 prices seems 

positively correlated, with some lags. This is what the theory suggests. As discussed 

before, this may be due to a lag in incorporating a fuel switch by the utilities, once it is 

clear that NG prices are rising. 

 Not incorporating a lag results in findings that appear counterintuitive. If we look 

at the data period and use ngprice without a lag, particularly between September 2000 

and August 2001, the direction is negative and sharply opposite what the theory suggests. 

(Figure 9) Thus, during the period of the dataset the correlation is negative. The literature 

doesn�t indicate fully what lag should be used, but the EIA uses one month lags for 

                                                
26 Generated from USEPA data, Chicago Climate Exchange Inc, (CCEX), The Sulfur Dioxide Emission 
Allowance Trading Program: Market Architecture, Market Dynamics and Pricing, 2004, pp 20 
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Natural Gas spot wellhead prices (explanatory variable) to predict Natural Gas spot 

wellhead prices (dependent variable). After running various regressions, it appeared that 

the one month lag worked best, showing the expected positive relationship between the 

NG and SO2 prices.27 

 

 

 

 

 

 

 

 

 

 

Date variables:  

 A time trend is essential to keep the model from spurious regression and a time 

trend eliminates this problem.  

 

 

Independent variables: Policy Determinants 

 The aim of this paper was to measure the effect of policy related announcements, 

reports and legislation which had an impact on SO2 price change and volatility. To do 

this it was essential to study what regulatory policy signals the market was responding to 

and this information is contained in energy utility market newsletters, amongst other 

                                                
27 This is not a perfectly accurate way of aligning the lags since there are some days where there are 
missing data points, but for the purpose of this small period, this is overlooked. 

Table  
Correlation between lagged Natural Gas Prices and SO2 Prices 

 
  

SO2last 
price 

  
ngprice 

 
ngprice 
lagweek 

 
ngprice 
lag30 

 
ngprice 
lag20 

SO2lastprice 1.0000 -- -- -- -- 

Ngprice -0.3191    1.0000 -- -- -- 

Ngpricelagweek -0.2269    0.9487    1.0000 -- -- 

ngpri~30 0.0387    0.0387    0.7605 1.0000 -- 

ngpri~20 -0.0603    0.7951    0.8858    0.9264    1.0000 
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things. A broad study of the literature that was read by the utility industry narrowed down 

Platt�s Electric Utility Week28 as the major source of relevant information. A set of about 

300 articles was short listed and read to code the policy variables. Three main variables 

were coded policyimpact, policyuncertainty and policydirection along with a series of 

dummy variables. The purpose was to look at the degree of uncertainty and the degree 

of the impact of the policy. 

  

There were 3 major qualitative findings that need to be highlighted before the 

sections on coding these variables.  

 1. Uncertainty generated by the White House administration and the U.S. 

Environmental Protection Agency (EPA) in their questioning of the future of the 

New Source Review (NSR) of the Clean Air Act (CAA).  

In early May, 2001, news reports began to surface that the White House 

administration was interested in a review of the NSR. On May 14, 2001, in Electric 

Utility Week, �Vice President, Dick Cheney, signaled last week that the White House 

policy for a national energy strategy, which�. [include] reconsideration of new source 

review rules for older coal power plants and support for diversity in power 

supplies�utilities have made this rule a priority for Cheney�s group.�  

Simultaneously, President Bush turned to new EPA administrator, Christie 

Whitman to address these rules and gave the EPA 90 days to return with a report which 

reviewed the NSR. The administration appeared in favor of removing mandatory 

                                                
28 Electric Utility Week, Platts Publication, online weekly using Factiva search 
 



 28

requirements in pollution control equipment for old plants that went in for upgrades. In 

terms of coding the policy variables, this announcement would imply that the policy 

impact on SO2 would be high and the policy impact variable below would be coded as 

�high impact�. The uncertainty would be high also, because this is not an actual 

legislation, but a discussion of making a change in the NSR, and it is likely to be 

contested. In terms of the expected impact on price, it would increase. A revision of the 

NSR as outlined above would perhaps no longer require mandatory technology upgrades 

of pollution control devices, and thus increase pollution by these plants. The increase in 

pollution would imply that these plants would most likely have to buy permits, increasing 

the demand for permits, increasing SO2 allowance prices.  

 On the 17th of August, when the report was due, the EPA announced that it was 

not releasing the review as �expected�. Further, �After a conversation with the President 

last week, Whitman said the report would be not released until after the agency presents a 

legislative package to cap sulfur dioxide, nitrogen oxide and mercury emissions from 

power plants�.As we develop a new strategy to more effectively reduce air pollution, we 

will also evaluate the extent to which existing regulations may need to be modernized.�  

 The news report continued by adding that it was indeed likely that the EPA�s 

initial recommendations were being contested. �Environmentalists agree with the 

prospect of the relaxation of the rules, but view it more as evisceration. They believe 

EPA postponed releasing its review because public comments had supported the current 

regulations. �EPA realized that there was a massive public outcry in support of NSR,� 
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said Mark Wenzler, a counsel at the National Environmental Trust.� (Electric Utility 

Week, 20 August, 2001). 

 This failure to deliver on time and the continued failure to deliver this report was 

constantly in the news. On 4 March, 2002, the headlines screamed, �EPA OFFICIAL 

RESIGNS, PROTESTING �WEAKENING� OF NEW SOURCE REVIEW�. Eric 

Schaeffer, Director of the Office of Regulatory Enforcement who wasn�t a political 

appointee, said that �The Bush administration�s call for the reexamination of the rules and 

proposal to cut the enforcement program from the 2001 level by more than 200 staff 

positions is weakening the agency�s negotiating position.� Again, in terms of coding the 

policy variable for the direction of the effect on price, such an announcement would have 

an expected positive impact on price. (Electric Utility Week, 4  March, 2002). 

 On the 17th of June, 2002, a news report states, �In its much-awaited report on 

new source review requirements under the Clean Air Act, the Environmental Protection 

Agency last week said it would clarify for electric utilities what would be considered 

�routine maintenance� on power plants that would not trigger stricter air emission rules. 

The EPA also said it would codify a number of recommendations, including a 10-15 year 

reprieve from new-source requirements for plants installing pollution control 

technology�.Although vital details have yet to be determined in a rulemaking, the 

definition in environmentalists� view will probably accommodate utilities� desire to 

repair and modernize plants significantly without incurring major pollution control costs.� 

 This kind of policy uncertainty has the potential to make SO2 prices volatile. By 

June 2002, Whitman was framing the rulemaking process in terms of �18 months to 3 
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years�. However, it is not clear exactly how to avoid such uncertainty. (Electric Utility 

Week, 17th June, 2002) 

   

 2. Uncertainty generated by Clear Skies and other bills 

 During this period there were a number of bills, including by James Jeffords 

(Independent-Vermont) and various Republicans and Democrats. Most of these 

recommended different levels of caps on pollution and a continuing of a market based 

approach to the enforcement regime. Some of them stressed fuel diversity, and some even 

mention renewable energy. Dick Cheney�s task force on energy reform stressed a diverse 

mix of fuels, clean coal technologies and natural gas pipelines. (Electric Utility Week, 7 

May, 2001) Development of the latter two would possibly lower prices of SO2 

allowances. While these were more in the nature of discussions, the Clear Skies plan, 

announced on February 14, 2002, unveiled �the administration�s long awaited three 

pollutant plan to curb NOx, SO2 and mercury emissions from power plants.� Clear Skies 

would achieve this through caps on these emissions. �SO2 would be capped at 4.5 million 

tons in 2010 and 3 million tons in 2018�. Such a plan, though not a bill yet at the time of 

this announcement, would imply an expected increase in SO2 prices. However, this is not 

a fact, but a recommendation, and so it is uncertain. (Electric Utility Week, 25 February, 

2002) 

 It is difficult to differentiate these bills from the NSR related news because they 

are intrinsically connected. For example, on May 6, 2002, the EPA �pitched its national 

cap and trade program for power plant emissions before a House panel that is preparing 
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to update the Clean Air Act, last amended in 1990. The Bush Administration�s Clear 

Skies proposal would make the current law�s pollution controls �counterproductive,� 

EPA said. The idea being that NSR would be �counterproductive with a cap and trade 

system�. (Electric Utility Week, 6 May, 2002) 

 

 3. During the enforcing of the New Source Review by the courts and EPA 

there was considerable uncertainty regarding where the justices and the 

administration stood on the subject of NSR enforcement. 

 As one can see from the first example, the message that a revision of the NSR 

sends the courts needs to be considered. During the Clinton administration, many of court 

cases brought against utilities for violating NSR were being decided during the period 

between 2000 and 2003. There were a number of reports on specific lawsuits, for 

example, against the Tennessee Valley Authority, amongst others. These precedent 

setting cases affect single firms directly but have implications for the entire industry.  

 Many feared that the administration�s pressure on the EPA would somehow affect 

the courts. For example, on August 13, 2001 the headline read, 

�ENVIRONMENTALISTS, STATES SEE EPA WEAKENING NEW SOURCE 

REVIEW RULES�. In terms of enforcement of the rules, the environmental groups said 

�the Bush administration [was] encouraging electric utilities to postpone settlements with 

regulators under the New Source violations until after the EPA releases its study August 

17.� The EPA and the Department of Justice (DoJ) denied this. They cited that on July 

12, the EPA, DoJ and the state of Illinois reached an agreement with Premcor Refining 
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Group where the company had to install $20 million in pollution control equipment and 

pay a $2 million fine. (Electric Utility Week, August 13, 2001)  

 Such a news report is harder to code because it has two sets of information which 

could have opposite effects on price and a moderate amount of uncertainty. As the 

enforcement of the NSR was the result of this particular settlement, it could have an 

effect on the market�s perception of other cases and there would be an expected 

downward pressure on SO2 allowance prices. 

 

 From these examples it becomes evident that this paper is trying to measure the 

�politics of pollution�, and that the policy process itself involves bargaining and 

uncertainty of outcomes, which can affect the market price. The interest groups that are 

contesting these regulations and those that are seeking to preserve old rules pressure the 

EPA constantly. The market system being proposed by new bills may be a success but the 

entire policy process is being driven by politics rather than the EPA which appear to 

make it difficult for the EPA to balance these competing interests.  

 

Coding the Policy Variables 

1. Policyimpact: The impact of an announcement, legislation, regulation or policy  

The values that were assigned:  

0 � no policy impact 

1 � medium impact 

2 � high impact 
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2. Policyuncertainty: The uncertainty the policy announcement places on the market.  

0 � low impact - the passage of a law or rule, for example, raising or tightening the allowance volume 

1 � medium impact � likelihood of passage but enough uncertainty to warrant speculation 

2 � high uncertainty � amendments in the New Source Review of the Clean Air Act. 

 This variable is of particular interest to us to see if market volatility is affected by 

policy uncertainty. Policy uncertainty is defined as an announcement which does not send 

a clear signal to the market about the expected change in policy. In some cases a lack of 

transparency on the part of the government in interpreting a certain rule or in the process 

to go about making changes in a certain rule is also defined as uncertainty. 

 The compliance period of new policies or renewal of old policies can affect the 

market. The timing of policy � length of the policy applicability and the signal to the 

market about continuity � are important. A policy has an impact on a number of utilities 

with different ages and technical specifications. If the policy does not indicate the length 

of its applicability clearly, it has an effect on how companies make decisions on the 

rotation of their capital stock. The longer the compliance period the better the decision 

making power of individual firms. By adjusting a cap you impact uncertainty, speculation 

and price.29 

 

3. Policydirection: this variable measures whether the policy should impact SO2price 

positively or negatively.  

-1 � have a downward effect on price � reduce SO2 price 

                                                
29 Kruger, J., �From SO2

 
to Greenhouse Gases: Trends and Events Shaping Future Emissions Trading 

Programs in the United States�, June 2005, RFF Discussion Paper 05-20 
 



 34

0 � if unclear what direction, or if there are counteracting policies, or if the impact variable was zero. 

1 � have an upward effect on price � increase SO2 price 

 The impact can come through different kinds of rules, a change in the cap, 

stricter enforcement, a change in technology, or a push for renewable technologies 

amongst others. Sometimes all together, sometimes one is given more importance. The 

most common policy discussion was amendments to and enforcement of the  Clean Air 

Act and (through the New Source Review) through the courts. Another common 

discussion was about new cap and technology legislations like the Clear Skies Bill. 

Actors include state legislatures, national legislature, FERC, EPA, other governmental 

agencies or the private sector. In particular, the private sector dummy variable is switched 

on when a specific utility is in the news, for example, for violating the NSR, and the 

judiciary is involved. The impact of the strict enforcement of the NSR is on the market as 

a whole, though, and not the specific utility alone. The more stringent the enforcement, 

the greater the upgrades in technology that would reduce SO2 emissions. Thus, this 

would impact policydirection in a negative direction.  

 

In addition, a series of indicator variables were created to indicate the type of 

legislation/policy that has an impact. The baseline category would be �other�.  

Policy impact or market impacts are based on various stages which require 

differentiating:  

1. A proposal is discussed/proposed/ or study or proposed study 

2. A bill is passed 

3. A bill fails 
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4. Rule is enforced/implementation related stories � of failures or success in compliance. 

The indicator variables: 

1. national: if national =1 then national effect; if national=0 (i.e. baseline) then state or local effect 

2. reportStudy = 1 if a report or study is being proposed or presented from a national agency like the EPA 

3. Proposedleg = 1 If the legislation is a new proposal, e.g., a new bill being tabled 

4. Capleg= 1 if the legislation affects the SO2 cap (Thus, capleg and clearskies may both =1 each in such a 

case.) 

5.Techleg= 1 if the legislation is would affect the technology utilities use, for example, mandatory 

installation of scrubbers 

6. ClearSkies = 1 if the legislation is about the Clear Skies Bill. The greater the likelihood of the Bill being 

passed, the higher the expected price of SO2 since Clear Skies is likely to mandate further use of cap and 

trade and less use of technology driven mandates like the NSR.  

7.CAA = 1 if the legislation is about the Clean Air Act, including the New Source Review (NSR). The 

protection of the NSR would imply installing pollution control equipment, which pushes price of emissions 

down since it reduces demand for permits. Failure to enforce NSR would result in a rise of pollution, and 

thus an increase in demand for permits and an increase SO2 price. 

8. privatesector =1 if the policy or enforcement of a rule affects a single company or if the announcement 

related to a firm and not the sector in general, but may have an impact on the sector. Sometimes merger 

related information would be captured here with impacts on NSR rules. 

9. FERCpolicy = 1 if relates to the Federal Energy Regulatory Committee 

10. renewablespolicy = 1 if related to renewables 

11. natgaspolicy =1 if the policy relates to the natural gas sector 

 In terms of coding these variables, if there was more than one announcement on a 

day, they�ve been added up. The indicator variables were insignificant across the board 

and the results were not reported, however, they serve a useful purpose in explaining the 

policies that were being read. 
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Part 4: Findings 

The process of modeling this market was iterative. Some of the main models estimated 

and the findings are included here.  

 

OLS and Time-trended OLS Models: 

 A simple OLS (Ordinary Least Squares) regression (Model 1) with the most basic 

explanatory terms showed that the primary determinants of price were ngprice and the 

Illinois high sulfur and PRB low sulfur coal prices.  

Model 1: OLS 

Dependent Variable: SO2lastprice 
Independent 
Variables 1 2 3 4 5 6 7 8 9
Constant* 182 60 115 98 109 99 99 100 100 
  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ngprice -4.70 3.28 -1.02 -- -- -- 0.01 -0.02 --
  0.00 0.00 0.01 -- -- -- 0.99 0.97 -- 
illinois_hisul -- 3.71 -- 2.69 -- 0.55 0.54 0.53 0.54 
  -- 0.00 -- 0.00 -- 0.00 0.06 0.07 0.00 
prb_losul -- -- 7.79 -- 7.99 7.45 7.50 7.48 7.42 
  -- -- 0.00 -- 0.00 0.00 0.00 0.00 0.00 
policyimpact -- -- -- -- -- -- -- -2.87 -2.99 
  -- -- -- -- -- -- -- 0.18 0.16 
policyuncertainty -- -- -- -- -- -- -- 4.00 4.17 
  -- -- -- -- -- -- -- 0.08 0.06 
policydirection -- -- -- -- -- -- -- -1.38 --
  -- -- -- -- -- -- -- 0.43 -- 
Adj R^2 0.11 0.25 0.62 0.24 0.62 0.63 0.62 0.62 0.63 
F Test*  NA NA NA NA NA NA NA -- 2.26 
Prob > F NA NA NA NA NA NA NA -- 0.11 
Hettest(Chi2) -- -- -- -- -- -- -- -- 0.56 
  -- -- -- -- -- -- -- -- 0.45 

* Coefficient estimates are in bold and  pvalues are reported below them. 
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Model 1 continued: OLS with time-trends 

Dependent Variable : SO2lastprice 

Independent     

Variable (pvalues) 10 11 12 13 
Constant 882 -53391 -1519706 -2009293 
  0.00 0.00 0.00 0.00 
ngprice -2.61 -3.34 -5.40 -- 

  0.00 0.00 0.00 -- 
ngpricelag30  -- -- -- 1.19 
  -- -- -- 0.02 
illinois_hisul 1.86 -1.30 -1.68 -0.96 
  0.00 0.00 0.00 0.01 
prb_losul 4.69 4.81 3.16 3.08 
  0.00 0.00 0.00 0.00 
policyimpact -3.77 -3.24 -3.18 -2.17 
  0.02 0.03 0.03 0.13 
policyuncertainty 4.81 3.79 3.72 2.48 
  0.01 0.02 0.01 0.10 
policydirection 0.25 -0.95 0.10 2.62 
  0.85 0.44 0.93 0.28 
date -0.05 7.04 294.29 388.22 
  0.00 0.00 0.00 0.00 
date2 -- 0.00 -0.02 -0.02 
  -- 0.00 0.00 0.00 
date3 -- -- 0.00 0.00 
  -- -- 0.00 0.00 

Adj R^2 0.77 0.82 0.83 0.84 
F Test*  2.90 2.90 3.06 1.35 
Prob > F 0.06 0.06 0.05 0.26 
Hettest(Chi2) 15.62 19.69 17.05 2.29 
  0.00 0.00 0.00 0.13 

 

 In the first regressions of Model 1, ngprice is not lagged, it is not significant and 

has the wrong sign. The policy variable that is most significant is policyuncertainty 

(Model 1.8). Policydirection is not significant. The main addition in Model 1.10 � 1.13 is 

the inclusion of time trend variables. These models are important but without ngprice 

lags, they are incomplete. The main findings of Model 1.11 and Model 1.12 is the joint 
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significance of policyuncertainty and policyimpact. An assumption of homoskedasticity 

is rejected. 

 In Model 1.13, when the gas price lag is included, the sign of natural gas price 

reverses to its correct theoretical sign, as discussed in earlier sections (more on this later) 

Policyuncertainty remains significant.  

 Briefly, a word of caution about these models. Ideally, to interpret the policy 

impact and the policy uncertainty variables they should be interacted with the direction 

variable. This was not done for all the models that follow and may serve as a constraint.  

 

ARCH Model  

 ARCH models fit regression models in which the volatility of a series varies 

through time.  Usually, periods of high and low volatility are grouped together.  ARCH 

(Autoregressive Conditional Heteroskedasticity) models estimate future volatility as a 

function of prior volatility. To accomplish this, arch fits models of autoregressive 

conditional Heteroskedasticity (ARCH) using conditional maximum likelihood. In 

addition to ARCH terms, models may include multiplicative Heteroskedasticity. In 

Model 3 and 4 the different combinations of ARCH models are estimated. The results are 

very similar to a time trended OLS model, except that the heteroskedasticity is measured 

more specifically and in these ARCH models, ngprice lags are used. The best fit is with a 

lag of 30 days: ngpricelag30 
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Model 2: ARCH, without ngprice lags 

Dependent Variable : SO2lastprice 
 

Independent 
Variable (pvalues) 1 2 3 4 5 6 7 8 9 
Constant -533391 -54708 -53651 -53557 -53800 -53913 -54037 -56059 -54297 
  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ngprice -3.34 -3.31 -3.35 -3.35 -3.34 -3.19 -3.55 -3.73 -3.53 
  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
illinois_hisul -1.30 -1.52 -1.32 -1.31 -1.29 -1.27 -1.54 -1.61 -1.41 
  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
prb_losul 4.81 5.04 4.80 4.80 4.76 4.74 5.18 4.92 4.85 
  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
policyimpact -3.24 -3.09 -3.29 -3.24 -2.83 -- -3.21 -3.07 -3.15 
  0.05 0.08 0.03 0.04 0.09 -- 0.06 0.06 0.06 
policyuncertainty 3.70 3.67 3.81 3.78 3.26 -- 3.88 3.62 3.68 
  0.02 0.06 0.01 0.02 0.07 -- 0.02 0.03 0.03 
policydirection -0.95 -0.93 -1.02 -1.02 -1.05 -- -0.88 -1.27 -1.09 
  0.47 0.50 0.41 0.44 0.44 -- 0.52 0.34 0.41 
date 7.04 7.21 7.07 7.05 7.09 7.10 7.12 7.38 7.15 
  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
date2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

HET: Parameters                   
Het (polimpact)    -142.00 -0.05             

P>|z|    0.64 0.54             
Het (poluncert)   0.09   0.09           

P>|z|    0.77   0.73           
Het (poldirect)   -0.19     -0.24 -0.35       

P>|z|    0.46     0.36 0.08       
HET(ngprice)   0.23             -0.04 

P>|z|    0.00             0.34 
Het (illinois)   0.09           0.04   

P>|z|    0.00           0.01   
Het (prb)   0.07         0.10     

P>|z|    0.22         0.01     
SIGMA2 or  (_Const)  99.83 1.14 4.61 4.61 4.60 4.61 3.90 4.74 4.74 

 (_Const) P>|z|  0.00 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Prob>chi2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
F Test*  5.65 6.59 6.73 5.84 3.38 NA 5.26 5.06 5.12 
Prob > F 0.06 0.16 0.08 0.12 0.02 NA 0.07 0.08 0.08 
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Model 2 continued : ARCH, with ngprice lags 

Dependent Variable : SO2lastprice 

Independent     
Variable (pvalues) 10 11 12 13 
Constant -66651 -65962 -59356  -59356 
  0.00 0.00 0.00 0.00 
ngpricelag30 2.93 2.93 3.18 3.18 
  0.00 0.00 0.00 0.00 
illinois_hisul -0.03 -0.03 0.36 -0.03 
  0.91 0.91 0.26 0.91 
prb_losul 4.64 4.64 4.89 4.64 
  0.00 0.00 0.00 0.00 
policyimpact -- -2.65 -2.11 -2.65 
  -- 0.12 0.21 0.12 
policyuncertainty -- 3.00 2.49 3.00 
  -- 0.09 0.17 0.09 
policydirection -- -0.04 1.16 -0.04 
  -- 0.98 0.29 0.98 
date 8.74 8.65 7.79 8.65 
  0.00 0.00 0.00 0.00 
date2 0.00 0.00 0.00 0.00 
  0.00 0.00 0.00 0.00 

HET: Parameters         
Het (polimpact)      -- -0.28 

P>|z|      -- 0.39 
Het (poluncert)     -- 0.30 

P>|z|      -- 0.34 
Het (poldirect)     -- -0.28 

P>|z|      -- 0.28 
HET(ngpricelag30)     -0.20 -- 

P>|z|      0.01 -- 
Het (illinois)     -0.08 -- 

P>|z|      0.00 -- 
Het (prb)     0.20 -- 

P>|z|      0.00 -- 
SIGMA2 or  (_Const)  96.49 95.80 4.88 4.56 

 (_Const) P>|z|  0.00 0.00 0.00 0.00 
Prob>chi2 0.00 0.00 0.00 0.00 
F Test*  -- 2.97 1.91 6.09 
Prob > F -- 0.23 0.38 0.19 
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There are seven general findings: 

1. The ARCH models work well to describe this market. They capture volatility, 

which is significant in the movement of SO2lastprice.  

2. The effect of lagged natural gas prices and coal prices is significant and in the 

right direction. In all earlier models, the effect of ngprice had the wrong sign � this is 

possibly due to the lagged effect of decision making shown in Part 2 and Part 3. The 

higher the price of natural gas, the higher the likelihood of using coal, thus the increase in 

SO2 allowance prices. However this substitution effect does not occur immediately.  

3. In the case of low sulfur coal prices, the higher the price of SO2 permits, the 

greater the demand for low sulfur coal, and thus the positive relationship between the 

two. The more expensive it is to pollute, the lower the demand for high sulfur content 

coal. 

4. Notice the change in the significance of the high sulfur Illinois coal in Models 

2.10 � 2.13. It is not clear hear whether this variable is in fact redundant with the 

presence of natural gas and low sulfur coal prices.  

5. The source of heteroskedasticity or price volatility is primarily being generated by 

the price fluctuations in the natural gas and coal markets as can be seen by Model 2.12 

and Models 2.7 and 2.8. As can be seen in model 2.9, ngprice does not have an effect on 

volatility, like the ngpricelag30 does indicating again that the latter is the correct variable 

to use. Once the NG price lag is introduced the heteroskedasticity and joint significance 

of the policy variables diminishes. 
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6. The generally weak significance of the policy variables is disappointing � except 

for policyuncertainty they do not add much explanatory power. The reason for this could 

be that they are already acting through the other explanatory variables. Interaction terms 

did not come out as significant, though. Further, except in Model 2.6, where the 

policydirection variable is contributing to volatility, in general the hypothesis that the 

other policy variables contribute to volatility 

is not robust. 

7. Ideally, as mentioned earlier, the 

models should have interaction terms 

between the policydirection variable and the 

impact and uncertainty variables, creating  

impactdirection and uncertaintydirection, 

which help interpret the parameter estimates 

more precisely (since the direction of the 

effect is not apparent from the policyimpact 

and policyuncertainty parameter estimates). 

The very brief results of such a model in 

ARCH are provided below, to show that 

these terms are not significant. (Table 3) 

 

 

 

 

Model 3 : ARCH with interaction terms 

Dependent Variable : SO2lastprice 

Independent Variable (pvalues)  
Constant -66651 
  0.00 
ngpricelag30 2.93 
  0.00 
prb_losul 4.60 
  0.00 
impactdirection 1.69 
  0.64 
uncertaintydirection -2.12 
  0.57 
date 8.74 
  0.00 
date2 -0.00 
  0.00 

HET: Parameters   
Het (impactdirection)   -0.20 

P>|z|   0.66 
Het (uncertaintydirection)  0.14 

P>|z|   0.76 
SIGMA2 or  (_Const)  4.57   

 (_Const) P>|z|  0.00 
Prob>chi2 0.00 
F Test (Joint significance of 
impactdirection and 
uncertaintydirection) 1.97 
Prob > F 0.74 
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Part 5: Conclusion 

 Policy uncertainty matters but volatility is not persistently driven by it. A one unit 

(as specified) increase in policy uncertainty can increase price by 3 dollars (Model 2.13). 

However, the main contributors to volatility are the coal and natural gas prices. 

 The significance of these variables needs to be understood over a longer period of 

time. Since trades can occur two decades into the future such a short time period does not 

reflect the full dynamics of the system. A policy change today or policy uncertainty today 

may affect futures prices more than current prices, even when the banking option is 

exercised. Thus, it would be useful to track in some detail the type of sale and the price 

for future vintage sales. A larger data set in general would be able to capture the major 

determinants better. Also, more detailed interviews of the electric utility players and what 

they are listening to and how they perceive policy risk would be useful. Further, it would 

be interesting to model a period where the uncertainty was less and compare it with a 

period where it was greater and test whether a difference-indifference approach may 

reveal that uncertainty is indeed a driving factor in price change, price trends and 

volatility. It is particularly useful to note how SO2 allowance price volatility differs in 

different periods pointing to the viability of such a study. (Figure 7, Page 20) 

 There is one primary lesson for the new carbon dioxide cap and trade market. The 

politics of pollution in the SO2 market was driving regulatory reform during the period 

under study. This is not in itself a problem, but it is important for regulators like the EPA 

to appear clear in their vision, even if their vision is to make changes in the structure of 

regulation. In the case of US states and their new initiatives to reduce greenhouse gases 
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(GHG), this policy process should be managed carefully by regulators, so that clear 

signals are given to the market. This problem seems already evident in the Kyoto 

Protocol market for GHG emissions reductions (ERs) where the regulators, including the 

UN, are composed of nations who form different interest groups. There is no consensus 

on whether the initial commitment period between 2008 and 2012 will be extended, 

questioning the long term viability of the market. However, this clarity of politics and 

policy process, as well as expected clarity of outcomes may not necessarily be a good 

thing, because it ties policy to a single path, which may be difficult to maneuver out of. 

Thus, the politics of pollution may ensure dynamic policy making. However, it would be 

interesting, though difficult, to fully capture the tradeoff between the benefits of this 

dynamic system and the costs that uncertainty brings to the economy. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 45

Part 6: Bibliography and General References 

Burtraw, D., K. Palmer, R. Bharvirkar, and A. Paul (2001) The Effect of Allowance 

Allocation on the Cost of Carbon Emission Trading, Discussion Paper 01-30. 

Washington, DC: Resources for the Future, August 2001 

Carlson, C. P., D. Burtraw, M. Cropper, and K. Palmer (2000) SO2
 
control by electric 

utilities: What are the gains from trade? Journal of Political Economy 108: 1292�

326  

Chicago Climate Exchange Inc. (2004) �The Sulfur Dioxide Emission Allowance 

Trading Program: Market Architecture, Market Dynamics and Pricing�, Chicago 

Climate Exchange Inc., (Shortname: CCEX) 

Electric Utility Week, Platts Publication, online weekly using Factiva search 

 Search: Electric Utility Week + Regulation/Government Policy 

Period Sep 1, 2000- Dec 31 2000 � 29 articles 

1 Jan 2001 � Dec 31 2001 � 255 articles 

1 Jan 2002 � Dec 31 2002 -  340 articles. 

1 Jan 2003 � 9 Jan 2003 � 1 article 

 Narrow Search: Using only keywords for entire period 

Sulfur - 18 articles 

Emissions - 32 articles  

Coal - 48 articles 

Clean Air Act/CAA/New Source Review/Clear Skies � 150 articles 

Ellerman A. Denny (2003) �Ex Post Evaluation of Tradable Permits: The U.S. SO2 Cap-

and-Trade Program�, MIT Press Working Papers, WP-2003-003, January 2003. 

http://web.mit.edu/ceepr/www/workingpapers.htm#2003 

Ellerman, A. D., P. L. Joskow, and D. Harrison (2003) Emissions Trading in the U.S.: 

Experience, Lessons, and Considerations for Greenhouse Gases. Prepared for the 

Pew Center on Global Climate Change  



 46

Ellerman, A.D., P. L. Joskow, R. Schmalensee, J. P. Montero, and E. Bailey (2000) 

Markets for Clean Air: The U.S. Acid Rain Program, Cambridge, MA, Cambridge 

University Press 

Ellerman, A. D. and Montero, Juan-Pablo, (2005) �The Efficiency and Robustness of 

Allowance Banking in the US Acid Rain Program�, MIT CEEPR Working Paper 

Abstracts, March 2005. Source: http://web.mit.edu/ceepr/www/2005-005.pdf 

Gregory, Allan and Jonathan Reeves, (2001) Estimation and Inference in ARCH Models 

in the Presence of Outliers, Department of Economics, Queens University, 

Kingston, Ontario, Canada, December 2001. Source: 

http://www.econ.queensu.ca/pub/faculty/gregory/gr.pdf 

Jacoby, H. D., and Ellerman, A. D. (2004) �The Safety Valve and Climate Policy�,  

Energy Policy 32(4): 481�91  

Kruger, J., (2005) �From SO2
 
to Greenhouse Gases: Trends and Events Shaping Future 

Emissions Trading Programs in the United States�, RFF Discussion Paper 05-20, 

June 2005 

Nicholson, W., Intermediate Microeconomics, 9th edition 

Pizer, W. A., (2002) �Combining Price and Quantity Controls to Mitigate Global Climate 

Change� Journal of Public Economics 85(3): 409�34  

 

General References 

EIA web site, particularly detailed unit level data on type of coal used. 

http://tonto.eia.doe.gov/bookshelf/XsearchResults.asp?fueltype=coal&title=&start=40 

EIA web site, detailed price models for various prices. 

http://www.eia.doe.gov/emeu/steo/pub/document/textpr.html#NGCCUUS 

EPA web site � SO2 markets � www.epa.gov/airmarkets/arp/index.html 

Platts Coal Outlook, Platts Publication, online weekly using Factiva search 

Power, Platts Publication 

STATA: http://www.stata.co.uk/help.cgi?arch 

 



 47

Data 

Evolution Markets, LLC for SO2 and NOX prices 

Bloomberg commodity markets historical price tracking services for coal and natural gas 

prices. (Accessed in the International Finance Corporation (IFC) Library in 

Washington DC). 

EIA for composition of electricity market 

EPA for allowance based data for the SO2 market 


